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COMPOSITE DENSITY AND
GRADATION ADJUSTMENTS (MANUAL)

START

ACT - START INSTRUCTION OF
DENSITY ADJUSTMENT
EXECUTION OF
ACT 2 I DENSITY ADJUSTMENT I (F1G.7)

ACT 3 PRINT INSTRUCTION OF
GRADATION TEST PATTERN

PAPER ON WHICH GRADATION
ACT 4—!| TEST PATTERN 1S PRINTED
'S PLACED ON SCANNER

ACT & START INSTRUCTION OF
FIRST GRADATION ADJUSTMENT

EXEGUTION OF FIRST
ACT 6 I GRADAT 10N ADJUSTHENT (F1G.9)

END
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ACT 100—
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PATTERN 1S ACQUIRED

(DENSITY ADJUSTMENT) )
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ACT 101 —

[ ARE SET TO INITIAL VALUES |

DPROCESS PARAMETERS
(GHARGED POTENTIAL,
EXPOSURE AMOUNT,
DEVELOPMENT POTENTIAL,
TONER CONCENTRATION)

$¢ .ﬂ

ACT 102—

TONER IMAGE OF DENSITY
TEST PATTERN 1S

FORMED ON PHOTOCONDUGT IVE
DRUM FOR EAGH COLOR

J/

ACT 103—

PDENSITY TEST PATTERN OF
FACH PHOTOCONDUCT IVE DRUM

1S TRANSFERRED ONTO
INTERMED |ATE TRANSFER BELT

IN FIRST SPECIFIC
TRANSFER METHOD

ACT 104

'

DENSITY TEST PATTERN OF

EACH COLOR ON INTERMEDIATE

TRANSFER BELT 1S DETECTED
BY DENSITY SENSOR

ACT 105

\L

DOES DETECTED DENS!TY\\\NO

FALL WITHIN

REFERENGCE DENSITY?
¢YES“

PREDETERMINED RANGE Oi//f

ACT 106
[

PROCESS PARAMETERS
(CHARGED POTENTIAL,
EXPOSURE AMOUNT,
DEVELOPMENT POTENTIAL,

TONER GONGENTRATION)
l ARE UPDATED

ACT 10/—

PROCESS PARAMETERS
(CHARGED POTENTIAL,
EXPOSURE AMOUNT,
DEVELOPMENT POTENTIAL,
TONER CONCENTRATION)
ARE DEGIDED
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~ START (FIRST
GRADATION ADJUSTMENT)

PROCESS PARAMETERS (CHARGED POTENT I AL, EXPOSURE
ACT 200— AMOUNT, DEVELOPMENT POTENTIAL, AND THE LIKE)
ARE FIXED TO VALUES DECIDED [N DENSITY ADJUSTMENT

J

ACT 201 RADATION CORRECTION TABLE IS SET TO
INITIAL DATA (OR NEWEST DATA)

DENSITY, FOR EVERY COLOR AND EVERY
ACT 202— GRADATION, OF GRADATION TEST PATTERN
READ BY SCANNER 1S INPUT FROM SCANNER

DOES DENSITY FOR EVERY GRADATION INPUT VES
ACT 203 FROM SCANNER FALL WITHIN PREDETERMINED RANGE
OF STANDARD GRADATION DENSITY?
¢Nb
I GRADATION CORRECTION TABLE 1S GENERATED
AND UPDATED SUCH THAT DENSITY FOR

ACT 204~ EVERY GRADATION 1S WITHIN PREDETERMINED
RANGE OF STANDARD GRADATION DENSITY
ezt e emrmernenaneed
.
ACT 205—— GRADATION TEST PATTERN 1S READ _|

~L

READ GRADATION TEST PATTERN 1S TRANSFERRED
ACT 206 ONTO INTERMEDIATE TRANSFER BELT IN SECOND
SPECIFIC TRANSFER METHOD USING GENERATED
GRADATION CORRECTION TABLE

[ DENSITY FOR EVERY GRADATION OF GRADATION

ACT 20/— TEST PATTERN ON INTERMEDIATE TRANSFER
BELT IS DETECTED BY DENSITY SENSOR

R —

v

DENSITY FOR EVERY GRADATION ON INTERMEDIATE
ACT 208— TRANSFER BELT DETECTED BY DENSITY SENSOR
|S STORED AS REFERENGCE GRADATION DENSITY

( ﬁin )
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COMPOSITE DENSITY AND
GRADATION ADJUSTMENTS (AUTOMATICG)

START

IS THERE START INSTRUCTION
AT 0= CONPOSITE DENSITY AND  DYES
GRADAT 1ON ADJUSTMENTS?

NO

|S THERE CHANGE 1IN
AMBIENT ENVIRONMENT WHEN
EXECUTING LAST COMPOSITE
DENSITY AND GRADATION
ADJUSTMENTS?

ACT 11 -

NO

ACT 12 " DID PREDETERMINED
OPERATING TIME ELAPSE FRON l

NO POINT OF TIME WHEN LAST
COMPOSITE DENSITY AND
GRADATION ADJUSTMENTS

WERE EXEGUTED?

YES

EXECUTION OF
ACT 13 l DENSITY ADJUSTMENT I (F16.7)

EXECUTION OF SECOND
ACT 14 I GRADAT ION ADJUSTMENT I (F16.12)
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START (SECOND
GRADATION ADJUSTMENT)

PROCESS PARAMETERS (CHARGED POTENTIAL,

ACT 300— EXPOSURE AMOUNT, DEVELOPMENT POTENTIAL,
AND THE LIKE) ARE FIXED TO VALUES

DECIDED IN LAST DENSITY ADJUSTMENT

'

GRADATION CORRECTION TABLE IS SET TO TABLE
ACT 301 UPDATED IN FIRST GRADATION ADJUSTMENT

OR LAST SECOND GRADATION ADJUSTMENT

ACT 302 GRADATION TEST PATTERN |S READ

READ GRADATION TEST PATTERN IS TRANSFERRED ONTO

ACT 303 INTERMEDIATE TRANSFER BELT IN SECOND SPECIFIC
TRANSFER METHOD USING . SET
GRADATION CORRECTION TABLE

J{

DENSITY FOR EVERY GRADATION OF GRADATION ‘J

ACT 304— TEST PATTERN ON INTERMEDIATE TRANSFER
BELT IS DETECTED BY DENSITY SENSOR

DOES DENSITY FOR EVERY GRADATION DETEGTED
BY DENSITY SENSOR FALL WITHIN PREDETERMINED
RANGE OF REFERENCE GRADATION DENSITY
STORED IN FIRST GRADATION ADJUSTMENT?

YES

ACT 305

NO

GRADATION CORRECTION TABLE |S CHANGED AND
ACT 306 UPDATED SUCH THAT DENSITY FOR EVERY GRADATION
DETECTED BY DENSITY SENSOR 1S WITHIN
PREDETERMINED RANGE OF REFERENGE GRADATION DENSITY

END
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1

IMAGE FORMING APPARATUS AND
METHOD USING DENSITY TEST PATTERNS
TO ADJUST PROCESS PARAMETERS AND
SUBSEQUENTLY UPDATE GRADATION
CORRECTION DATA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from U.S. provisional application 60/992,931 and
60/992,932, each filed on Dec. 6, 2007, and the entire con-

tents of each of which are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to an image forming appara-
tus and an 1mage forming method and in particular, to an
1mage processing apparatus and an image processing method
for forming a color 1mage.

BACKGROUND

In general, the density of a print image may change with a
change 1n ambient environment, such as temperature, or the
progress of operating time 1n an 1image forming apparatus that
prints an 1mage on paper, such as a printer or a copying
machine.

Accordingly, a known 1mage forming apparatus, 1n many
cases, forms a predetermined test pattern on an 1image carrier,
such as a photoconductor or a transter belt, and performs a
density adjustment such that the density of the density test
pattern falls within a predetermined reference range. For
example, the density of the density test pattern formed on the
image carrier 1s detected by a density sensor and adjustments
of charged potential, development potential, exposure
amount, and the like of the photoconductor are performed
such that the detected density falls within a reference range.
Usually, 1 such a density adjustment, a maximum gradation
value or a value close to maximum gradation value 1s set as a
set gradation value of the density test pattern in many cases.
The density test pattern in this case 1s a so-called *“solid
pattern” or an equivalent pattern to the “solid pattern™. There-
fore, the density adjustment 1s performed such that the maxi-
mum value of 1image data becomes a suitable print density.

The gradation characteristic from the maximum density to
the minimum density also changes with the change in ambi-
ent environment, such as temperature, or the progress of
operating time. The gradation 1s realized by selecting a plu-
rality of gradation patterns with different densities according,
to the set gradation value, and the relationship between a level
of denseness of a gradation pattern and the density obtained
by printing 1s generally nonlinear. In order to correct this
non-linearity, correction data called a gradation correction
table 1s often used. The linearity of the characteristic (that 1s,
gradation characteristic) between a gradation value of image
data and the print density can be secured by interposing the
gradation correction table between the gradation value of
image data and a gradation value for selecting a gradation

pattern.

However, the linearity of the gradation characteristic 1s also
influenced by the intermediate density changing due to the
temperature, operating time, and the like as described above.
In order to maintain the linearity of the gradation character-
1stic, 1t 1s necessary to change and update the gradation cor-
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rection table. An adjustment on the change and update 1s
called a gradation adjustment separately from the density

adjustment.

In a known gradation adjustment, first, a gradation test
pattern gradually changing from low density to high density 1s
printed on paper, next, the printed gradation test pattern 1s
read with a scanner provided 1n an 1mage forming apparatus,
then, a gradation correction table 1s changed such that the
density for every read gradation falls within a predetermined
reference range. The gradation adjustment may be performed
not only by a serviceman but also by a normal user. However,
the work of printing a gradation test pattern on paper and
reading the printed paper with the scanner 1s troublesome for
a normal user. In practice, the work 1s rarely performed.

Moreover, 1n a known 1mage forming apparatus, the den-
sity adjustment and the gradation adjustment are provided as
separate functions, and the adjustments may be performed
separately. However, a general gradation adjustment 1s per-
formed by changing the shape of the gradation characteristic
between the maximum gradation value and the minimum
gradation value by changing the gradation correction table 1n
order to maintain the linearity. Accordingly, when the maxi-
mum density corresponding to the maximum gradation value
largely deviates from a proper value, it 1s not possible to set a
desired gradation by change of the gradation correction table.

SUMMARY

Therefore, 1n view of the above situation, it 1s an object of
the invention to provide an image forming apparatus and an
image forming method of adjusting a desired density and a
desired gradation simultaneously and accurately without giv-
ing an operation burden to a user.

In order to achieve the above object, according to an aspect
of the mvention, an 1image forming apparatus that forms a
color image by overlapping a plurality of colors includes: a
scanner that reads a document and generates image data; an
image processing unit that corrects gradation of the image
data using gradation correction data and generates a gradation
image ol the image data with gradation after correction; a
plurality of photoconductors corresponding to the plurality of
colors; aplurality of charging units that electrically charge the
plurality of photoconductors with a predetermined charged
potential; a plurality of exposure units that expose the plural-
ity of photoconductors with a predetermined exposure
amount; a plurality of development units that develop the
plurality of photoconductors with a predetermined develop-
ment potential; a developer included 1n each of the plurality of
the development units; a transier body onto which 1mages
corresponding to the plurality of colors formed on the plural-
ity of photoconductors are transierred; a plurality of transfer
units that transfer the images corresponding to the plurality of
colors from the plurality of photoconductors onto the transter
body; a sensor that detects a density of an image formed on
the transfer body; a density adjusting unit that forms a prede-
termined density test pattern on the transfer body and that
adjusts process parameters including more than or equal to
two among the charged potential, the exposure amount, the
development potential, and a toner concentration in the devel-
oper such that a density of the density test pattern on the
transier body detected by the sensor falls within a predeter-
mined range of a reference density; and a gradation adjusting
unit that forms a gradation test pattern having a plurality of
gradation levels on the transier body and updates the grada-
tion correction data such that a density for every gradation of
the gradation test pattern on the transfer body detected by the
sensor falls within a predetermined range of a reference gra-
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dation density acquired and stored beforehand. The gradation
adjusting unit updates the gradation correction data subse-
quently after the density adjusting unit adjusts the density of
the density test pattern.

In addition, according to another aspect of the invention, an
image forming method of forming a color image by overlap-
ping a plurality of colors includes: reading a document to
generate image data by a scanner; correcting gradation of the
image data using gradation correction data and generating a
gradation 1mage of the image data with gradation aiter cor-
rection; electrically charging a plurality of photoconductors
corresponding to the plurality of colors with a predetermined
charged potential; exposing the plurality of photoconductors
with a predetermined exposure amount; developing the plu-
rality of photoconductors with a predetermined development
potential; transferring, onto a transfer body, images corre-
sponding to the plurality of colors formed on the plurality of
photoconductors; detecting a density of an 1mage formed on
the transier body using a sensor; adjusting the density of the
density test pattern by forming a predetermined density test
pattern on the transfer body and adjusting a process param-
cters including more than or equal to two among the charged

potential, the exposure amount, the development potential,
and a toner concentration in a developer such that the density
of the density test pattern on the transier body detected by the
sensor falls within a predetermined range of a reference den-
sity; and forming a gradation test pattern having a plurality of
gradation levels on the transfer body and updating the grada-
tion correction data such that a density for every gradation of
the gradation test pattern on the transier body detected by the
sensor falls within a predetermined range of a reference gra-
dation density acquired and stored beforehand.

DESCRIPTION OF THE DRAWINGS

FI1G. 11s a view 1llustrating an example of the outer appear-
ance of an 1mage forming apparatus according to the present
embodiment;

FI1G. 2 1s a view 1llustrating an example of the configuration
of the image forming apparatus;

FIG. 3 1s a block diagram illustrating an example of the
configuration mainly related to density adjustment and gra-
dation adjustment;

FI1G. 4 A 1s a view illustrating the concept of density adjust-
ment;

FIG. 4B 1s a view 1illustrating the concept of gradation
adjustment;

FIG. 5 1s a view 1illustrating a gradation correction table
generated or updated by gradation adjustment and the con-
cept of gradation conversion processing using the table;

FIG. 6 1s a basic flow chart illustrating a processing
example of composite density and gradation adjustments
(manual) according to the present embodiment;

FIG. 7 1s a detailed flow chart illustrating a processing
example of the density adjustment;

FIGS. 8A to 8E are views illustrating a first special transier
method used 1n the density adjustment;

FIG. 9 1s a detailed flow chart illustrating a processing
example of first gradation adjustment;

FIGS. 10A to 10F are views 1llustrating a second special
transier method used in the gradation adjustment;

FIG. 11 1s a basic flow chart illustrating a processing
example of composite density and gradation adjustments (au-
tomatic) according to the present embodiment;

FIG. 12 1s a detailed flow chart illustrating a processing,
example of second gradation adjustment; and
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FIG. 13 1s a view 1llustrating how a gradation correction
table 1s updated 1n the second gradation adjustment.

DETAILED DESCRIPTION

An 1mage processing apparatus and an 1mage processing
method according to embodiments of the mvention will be
described with reference to the accompanying drawings.

(1) Configuration

FIG. 11s a view illustrating an example of the outer appear-
ance of a copying machine (or a MFP) as a typical example of
an 1mage forming apparatus 1 according to the present
embodiment.

The image forming apparatus 1 includes a scanner 2, an
image forming unit 3, a paper feed unit 4, and the like.

The scanner 2 optically reads a document placed on a
document platen or a document mput to an ADF (auto docu-
ment feeder) and generates 1image data.

The image forming unit 3 prints 1image data on paper sup-
plied from the paper feed unit 4 using an electrophotographic
method. In addition, a control panel 5 used when a user
performs various operations and a display panel 6 which
displays various kinds of information are provided in the
image forming unit 3.

FIG. 2 15 a cross-unital view schematically illustrating an
example of the internal configuration of the image forming
umt 3. The image forming apparatus 1 according to the
present embodiment has a configuration 1n which color print-
ing can be performed by a so-called tandem type electropho-
tographic method.

As shown 1n FIG. 2, four photoconductive drums (photo-
conductors) 10a to 10d corresponding to four colors of yellow
(Y), magenta (M), cyan (C), and black (K) are disposed along
the transport direction of a transfer belt (transfer body) 30.
Around each photoconductive drum 10, charging units 11a to
114, developing units 12a to 12d, transier rollers (transfer
units) 13a to 134, cleaners 14a to 144, and the like are dis-
posed 1n order from an upstream side of rotation toward a
downstream side. In addition, exposure units 15a to 134 that
irradiate laser beams onto the photoconductive drums (pho-
toconductors) 10a to 104 are provided for every color. Here,
alphabetic characters of a, b, ¢, and d given to the reference
numbers of the constituent components correspond to print
colors Y, M, C, and K, respectively.

The charging units 11a to 114 uniformly charge surfaces of
the photoconductive drums 10a to 104 by the charged poten-
tial set by a control unit 40. Then, the exposure units 15a to
15d irradiate laser beams, which are subjected to pulse width
modulation according to a level of image data of each color of
Y, M, C, and K, onto the surfaces of the photoconductive
drums 10a to 10d for respective colors. When the laser beams
are 1rradiated, the electric potential of the corresponding por-
tion 1s lowered and an electrostatic latent image 1s formed on
cach of the surfaces of the photoconductive drums 10a to 104.

The developing units 12a to 124 develop electrostatic
latent 1mages on the photoconductive drums 10aq to 104,
respectively, with toner corresponding to each color. By this
development, toner 1mages corresponding to colors ol Y, M,
C, and K are formed on the photoconductive drums 10a to
10d.

The transfer belt 30 1s stretched over a driving roller 101
and an opposite secondary transier roller 102 in the shape of
a loop and 1s continuously rotated 1n a direction indicated by
arrow by driving of the driving roller 101.

While the transfer belt 30 1s passing through nipping por-
tions formed by the photoconductive drums 10a to 104 and
the transier rollers 13a to 134, the toner images correspond-
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ing to colors of Y, M, C, and K are sequentially transferred
onto an outer peripheral surface of the transter belt 30.

First, the Y toner image 1s transferred from the photocon-
ductive drum 10a to the transier belt 30 at the position (trans-
fer position o1 Y) where the photoconductive drum 10a forY
and the transfer roller 13a for Y face each other.

Then, the M toner image 1s transierred from the photocon-
ductive drum 105 to the transier belt 30 at the position (trans-
ter position of M) where the photoconductive drum 106 for M
and the transfer roller 135 for M face each other. At this time,
the M toner image 1s transferred to overlap the Y toner image
already transferred on the outer peripheral surface of the
transier belt 30.

Then, similarly, the C toner image and the K toner image
are sequentially transferred onto the outer peripheral surface
of the transter belt 30. As a result, a full-color toner 1image 1s
formed on the transier belt 30. The full-color toner 1mage
reaches a nipping portion (secondary transfer position),
which 1s formed by a secondary transier roller 50 and the
opposite secondary transier roller 102 by movement of the
transier belt 30.

In contrast, when forming a density test pattern or a gra-
dation test pattern on a transier belt, test patterns of respective
colors are transierred not to overlap each other, which will be
described in detail later.

A density sensor 35 for detecting the density of the toner
image transferred onto the transier belt 30 1s disposed at the
most downstream side (downstream side of the photoconduc-
tive drum 10d) of the transier belt 30.

Meanwhile, paper picked up from the paper feed unit 4 1s
transported up to the secondary transier position by a trans-
port unit (not shown). Then, the full-color toner 1image on the
transier belt 30 is transferred onto paper at the secondary
transier position. The full-color toner 1mage 1s heated and
pressed by a fixing unit 33 to be fixed on the paper. Then, the
paper 1s discharged to the outside of the image forming appa-
ratus 1 by a paper discharge unit 34.

Toner remaining on the surfaces of the photoconductive
drums 10q to 104 after transterring to the transier belt 30 1s
completed 1s removed by the cleaners 14a to 144 so that
printing on the next paper can be prepared. Continuous full-
color printing can be performed by repeating such processing.

The control unit 40 of the image forming unit 3 not only
makes an overall control of the image forming apparatus 1 but
also performing a density adjustment or a gradation adjust-
ment. With regard to the density adjustment of those adjust-
ments, the control unit 40 sets respective charged potentials
for the charging units 11a to 114, respective development
potentials for the developing units 12a to 12d, respective
transier potentials for the transier rollers (transier units) 134
to 13d, and respective exposure amounts for the exposure
units 15a to 154. When a two-component developer 1s used,
the control unit 40 also sets “toner concentration 1n the two-
component developer” (hereinafter, just referred to as “toner
concentration”).

FIG. 3 1s a block diagram illustrating the configuration
particularly related to the density adjustment or the gradation
adjustment of the detailed configuration of the control unit 40.

The control unit 40 1includes a density adjusting unit 50, a
gradation adjusting unit 51, a gradation converting unit 52,
and the like.

The density adjusting unit 30 stores a density test pattern
and reference density data in an 1nternal storage unit. As the
density test pattern, a so-called solid pattern corresponding to
the maximum density 1s generally used. When performing the
density adjustment, the density test pattern 1s read and a toner
image of the density test pattern of each color 1s formed on the
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transier belt 30. The density of the density test pattern 1s
detected by the density sensor 35 and 1s input to the density
adjusting unit 50.

The density adjusting unit 50 compares the detected den-
sity with the reference density and makes a determination. If
the detected density 1s outside a predetermined range of the
reference density, the density adjusting unit 50 adjusts more
than or equal to two among a charged potential, a develop-
ment potential, an exposure amount, and a toner concentra-
tion (if the two-component developer i1s used) so that the
detected density falls within the predetermined range. Here,
parameters used to determine the density, such as the charged
potential, the development potential, the exposure amount,
and the toner concentration are called process parameters.

The gradation adjusting unit 51 stores a gradation test
pattern, a standard gradation density, and a reference grada-
tion density in an 1nternal storage unit.

The gradation test pattern 1s a test pattern with a plurality of
gradation levels from a lowest gradation level (white color 1n
the case ol monochrome) to a highest gradation level (black
color 1n the case of monochrome). The gradation adjusting
unit 51 usually has a gradation test pattern for every color.

When performing the gradation adjustment (second grada-
tion adjustment to be described later), the gradation adjusting,
unit 51 reads a gradation test pattern and forms a toner image
of the gradation test pattern corresponding to each color on
the transter belt 30. The density of the gradation test pattern 1s
detected by the density sensor 35 and 1s input to the gradation
adjusting unit 51.

The gradation adjusting unit 51 changes and updates the
gradation correction table (gradation correction data) such
that the density for every gradation 1n the gradation test pat-
tern detected on the transier belt 30 falls within the predeter-
mined range of the reference gradation density acquired and
stored beforehand.

FIG. 4A 1s a view 1llustrating the concept of a density
adjustment in the image forming apparatus 1 according to the
present embodiment, and FIG. 4B 1s a view 1llustrating the
concept of a gradation adjustment.

In FIGS. 4A and 4B, horizontal axes indicate levels of
gradation set 1n 1image data or a test pattern. In this example,
an 8-bit gradation data width 1s assumed, thus gradation levels
are ranged from O to 255. In FIGS. 4A and 4B, vertical axes
indicate the detection density normalized by the reference
density.

In the density adjustment, one gradation level 1s usually set
as gradation set in the density test pattern. In general, the
maximum gradation level or a gradation level close to the
maximum gradation level 1s set. The density test pattern 1s
transierred onto the transier belt 30, and the density sensor 335
detects the density of the density test pattern. Then, process
parameters, such as the charged potential, the development
potential, the exposure amount, and the toner concentration
are adjusted so that the detected density falls within the pre-
determined range with respect to the ‘reference density’.

By the density adjustment, an adjustment 1s made such that
the density corresponding to the maximum gradation level
matches the ‘reference density’.

On the other hand, the gradation characteristic which 1ndi-
cates the relationship between the set gradation value and the
intermediate density 1s generally nonlinear. In many cases, to
obtain the gradation, a gradation pattern 1s selected among a
set of gradation patters 1in response to the set gradation value.
In each of the gradation patters, the denseness (for example, a
distance between a plurality of thin lines) 1s assigned accord-
ing to the set gradation value. Then printing 1s performed with
the selected gradation pattern.
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However, 1t 1s known that the relationship between the set
gradation value and the density of the printed gradation pat-
tern shows nonlinear characteristic 1f the denseness of the
gradation pattern 1s simply proportional to the set gradation
value. The gradation characteristic shown by a dotted line in
FIG. 4B 1s an example of the nonlinear characteristic before
correction.

To make correction such that the nonlinear relationship
becomes the linear relationship 1s gradation conversion pro-
cessing. In the correction of the gradation characteristic, the
set gradation value 1s corrected by using the gradation cor-
rection table (gradation correction data), for example. Then, a
gradation pattern with the denseness corresponding to an
output value (gradation value after correction) of the grada-
tion correction table 1s selected and printed.

FIG. 5 1s a view 1illustrating the concept of a gradation
adjustment using the gradation correction table. A curve
shown by a heavy line 1n a lower part of FIG. 5 15 a view
illustrating the characteristic of the gradation correction
table. The shape of the characteristic of the gradation correc-
tion table 1s, for example, a shape axisymmetrical with
respect to the shape of the gradation characteristic (curve
indicated by a dotted line 1n information of FIG. §). By using
the gradation correction table with such shape, correction can
be performed such that the relationship between the set gra-

dation value and the density obtained from the set gradation
value becomes linear.

Processing of correcting a set gradation value using the
gradation correction table and selecting a gradation pattern
with the denseness corresponding to a gradation value after
correction 1s performed in the gradation converting unit 52 of
the control unit 40 (refer to FIG. 3).

The gradation adjusting unit 51 performs processing of
generating the gradation correction table that the gradation
converting unit 52 uses or processing of updating the grada-
tion correction table according to the progress of operating,
time or the change in ambient environment.

(2) Composite Density and Gradation Adjustments (Manual )

The 1image forming apparatus 1 according to the present
embodiment has an operation mode of composite density and
gradation adjustments (manual) in which an operation of a
service person or a normal user 1s required and an operation
mode of composite density and gradation adjustments (auto-
matic) 1 which the operation of the service person or the
normal user 1s not required.

FIG. 6 1s a basic flow chart illustrating a processing
example of composite density and gradation adjustments
(manual).

In ACT1, a service person or a normal user instructs the
image forming apparatus 1 to start a density adjustment.

InACT2, the image forming apparatus 1 which receives the
start instruction executes the density adjustment. FIG. 7 1s a
detailed flow chart 1llustrating a specific processing example
of the density adjustment in ACT2. Processing of the density
adjustment 1s executed mainly by the density adjusting unit
50 of the 1mage forming apparatus 1 as described above.

In ACT100 of FIG. 7, the density adjusting unit 50 reads
and acquires a density test pattern stored 1n the 1internal stor-
age unit.

In AC'T101, process parameters, such as the charged poten-
tial, the exposure amount, and the development potential, are
set to 1n1tial values.

In ACT102, a toner image of the acquired density test
pattern 1s formed on the photoconductive drum for each color.

In ACT103, the toner image of the density test pattern
tformed on each photoconductive drum 1s transierred to the
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transier belt 30 1n a {irst special transfer method. FIGS. 8A to
8E are views illustrating the first special transfer method.

In the tandem type 1image forming apparatus 1, photocon-
ductive drums for respective colors are disposed in series
from the upstream side of the transier belt 30 as shown in FIG.
8A. In the image forming apparatus 1 according to the present

embodiment, the photoconductive drums 10a to 104 forY, M,
C, and K are disposed from the upstream side of the transfer
belt 30 to the downstream side thereof.

In general, when forming a full-color image, toner 1mages
corresponding to respective colors are transferred onto the
transter belt 30 so as to overlap each other. Accordingly, the
start timing of transfer of the toner images for colors posi-
tioned at the upstream side 1s earlier, and the start timing of
transier of the toner images for colors positioned at the down-
stream side 1s later.

In contrast, 1 the first special transfer method, toner
images of density test patterns of respective colors are trans-
terred not to overlap each other on the transfer belt 30. This 1s
to detect the densities of the toner images with the density test

patterns independently for every color by the density sensor
35.

Moreover, 1n order to detect the density of a density test
pattern as quickly as possible, the transier potentials of the
transter rollers 13a to 134 for respective colors are turned on
simultaneously as shown 1n FIG. 8B. Then, as shown 1n FIG.
8C, the density test patterns of respective colors are simulta-
neously formed on the transier belt 30.

The transfer potential while transferring the density test
pattern onto the transfer belt 30 1s the same as the electric
potential in transferring a normal full-color image. For
example, a transier potential of about +400 V to +4000 V,
which varies depending on ambient environments such as
temperature, humidity, or the like, 1s applied to each of the
transier rollers 13a to 134.

However, 1n the first special transier method, the transfer
potential 1s controlled such that the transfer potential of each
of the transter rollers 13a to 134 becomes a neutral potential,
thatis, OV before the toner image of the density test pattern of
cach color formed on the transter belt 30 reaches the adjacent
other-color transier unit (refer to FIGS. 8D and 8E). This 1s to
prevent the density of a density test pattern of 1ts own color
from changing due to an influence of process parameters of
other colors according to the phenomenon called inverse
transier. The inverse transier refers to aphenomenon 1n which
a part of toner ({or example, Y toner of a Y-color image) of a
toner 1mage with 1ts own color formed on the transfer belt 30
1s transierred in a direction (opposite direction) from the
transier belt 30 to the photoconductive drums (photoconduc-
tive drum for M) for other colors by the transfer potential of
the adjacent transter rollers (for example, the transfer roller
tor M) for other colors. The amount of toner of the own color
transierred at the transfer position of other colors changes
depending on not only the transfer potential of the transfer
rollers for other colors but also process parameters, such as
the charged potential, exposure amount, and development
potential for the other colors.

However, 1n the first special transfer method, occurrence of
the inverse transier 1s prevented by setting the transfer poten-
tial to OV belore the toner image of the density test pattern of
its own color reaches the transier position of other colors. As
a result, since the density of the toner image of the density test
pattern for the own color does not change due to the influence
of the process parameters of other colors, the density adjust-
ment which 1s completely independent for every color can be
performed.
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In ACT104, the density sensor 35 detects the density of the
density test pattern for every color formed on the transfer belt
30 1n ACT103.

In ACT105, 1t 1s determined whether or not the detected
density falls within a predetermined range of the reference
density. If the detected density 1s outside the predetermined
range of the reference density, the process parameters, such as
the charged potential, the exposure amount, the development
potential, and the toner concentration (when the two-compo-
nent developer 1s used) are changed and adjusted for every
color 1n ACT106. Then, the density test pattern 1s formed
again on the transter belt 30 using the adjusted process param-
cters (ACT102) Processing from ACT102 to ACT106 1s
repeated until the density of the density test pattern of each
color falls within the predetermined range of the reference
density.

If the density of the density test pattern of each color falls
within the predetermined range of the reference density, the
process parameter of each color at that time 1s fixed and stored
in a proper storage unit of the density adjusting umt 50 1n
ACT107.

Thus, 1n the density adjustment described above, process-
ing for adjusting the process parameters of each color 1s
performed by a feedback control simultaneously and 1n par-
allel for each color. In this case, since occurrence of the
inverse transfer 1s prevented by the first special transfer
method as described above, a feedback control completely
independent for each color becomes possible. As a result, the
teedback control can be realized stably and quickly.

After the density adjustment 1s completed, the gradation
adjustment 1s performed subsequently. In ACT3 of FIG. 6, the
service person or the normal user instructs the image forming
apparatus 1 to print a gradation test pattern. The 1mage form-
ing apparatus 1 prints a gradation test pattern on paper using
the gradation correction table that the image forming appa-
ratus 1 has at the time and outputs the paper.

Then, the service person or the normal user places the
paper, on which the gradation test pattern 1s printed, on the
scanner (ACT4) and instructs the image forming apparatus 1
to start a first gradation adjustment (ACTS). In response to the
start instruction, the 1image forming apparatus 1 executes the
first gradation adjustment (ACT6).

FIG. 9 1s a detailed flow chart 1llustrating a specific pro-
cessing example of the first gradation adjustment. In
ACT200, the process parameters, such as the charged poten-
tial, the exposure amount, the development potential, and the
toner concentration (when the two-component developer 1s
used) are fixed to the values decided 1n the density adjustment
(ACT2 of FIG. 6). The values of the process parameters once
decided are not changed during execution of the first grada-
tion adjustment and until the next density adjustment 1s
executed.

In ACT201, the gradation correction table 1s set as 1nitial
data or newest data.

In ACT202, the paper on which the gradation test pattern 1s
printed 1s read by the scanner, and the density of the gradation
test pattern for every color and the density for every gradation
acquired by the scanner 1s mput from the scanner to the
gradation adjusting unit 51.

In ACT203, it 1s determined for every color whether or not
the density for every gradation 1mput from the scanner falls
within a predetermined range of the standard gradation den-
sity. The ‘standard gradation density’ used herein 1s a grada-
tion characteristic in which the relationship between the den-
sity and the set gradation value i1s linear (proportional
relationship) and 1s data stored 1n the proper storage unit of
the gradation adjusting unit 31.
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When the density for every gradation input from the scan-
ner 1s outside the predetermined range of the standard grada-
tion density, the gradation correction table 1s generated to fall
within the predetermined range and the 1nitial data used in
ACT201 1s updated (ACT204). The gradation correction
table generated 1n ACT204 1s a correction table correspond-
ing to the correction curve illustrated in the lower part of FIG.
5.

Although the substantial density adjustment and gradation
adjustment are completed by processing up to ACT204, pro-
cessing of ACT205 to ACT208 1s subsequently performed 1n
the first gradation adjustment. The processing of ACT205 to
ACT208 1s processing for acquiring ‘standard gradation den-
sity’ data which 1s required to execute a second gradation
adjustment, which will be described later.

In ACT203, the gradation test pattern stored in the proper
storage unit of the gradation adjusting unit 51 1s read.

In ACT206, the gradation test pattern read in ACT205 1s
developed to the photoconductive drums 10aq to 104 for
respective colors using the gradation correction table gener-
ated 1n ACT204. Then, each of the gradation test patterns on
the photoconductive drums 10a to 104 1s transferred onto the
transier belt 30 in a second special transter method.

FIGS. 10A to 10F are views 1llustrating the second special
transier method. Similar to the first special transter method,
gradation test patterns of respective colors are simultaneously
transterred onto the transter belt 30 without overlapping each
other (refer to FIGS. 10A to 10C). In the second special
transfer method, however, even if a toner image of an own
color reaches the transier position of other colors adjacent to
the downstream side, the transier potential of each of the
transfer rollers 13a to 134 1s not made to become a neutral
potential (O V) and the normal transfer potential 1s maintained
(refer to FIGS. 10D to 10F) unlike the first special transfer
method. That 1s, the first special transfer method 1s a transier
method of intentionally avoiding the occurrence of 1nverse
transier, while the second special transter method 1s a transier
method of allowing the occurrence of inverse transter.

In the second special transter method, as shown in FIG.
10F, inverse transier of the toner image for Y located at the
most downstream side occurs three times due to passing
through the transier positions of other colors of M, C, and K
three times. In addition, inverse transfer of the toner image for
M occurs twice due to passing through the transfer positions
of C and K, and imnverse transier of the toner image for C
occurs once due to passing through the transier position of K.
However, such inverse transfer 1s also an event occurring
when a normal full-color 1mage 1s usually generated. The
second special transier method 1s effective 1n that the same
inverse transier as the normal transier method occurs and the
density 1n the gradation test pattern and the density in normal
tull-color printing are substantially the same.

In the density adjustment using the first special transfer
method, since processing for repeatedly making process
parameters of respective colors follow the reference value
simultaneously and in parallel by a teedback control 1s per-
formed, 1t 1s necessary to prevent the inverse transier so that
the density of each color 1s not atfected by values of the
process parameters of other colors. In the first gradation
adjustment (and the second gradation adjustment to be
described later), however, the gradation correction table 1s
updated by one-time processing. Accordingly, even 1 the
density of each color 1s affected by the process parameters of
other colors due to the inverse transter, there 1s no disadvan-
tage. In addition, the gradation adjustment can be performed
more accurately due to the transfer environment which 1s the
same as that 1n the normal full-color printing.
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In ACT207 (FIG. 9), the density sensor 35 detects the
density, for every color and every gradation, of the gradation
test pattern transierred on the transier belt 30.

Then, 1n ACT208, the density for every gradation on the
transier belt 30 detected by the density sensor 35 1s stored as
a ‘reference gradation density’ for every color in the storage

unit of the gradation adjusting unit 31.
(3) Composite Density and Gradation Adjustments (Auto-
matic)

Through the processing of the above-described composite
density and gradation adjustments (manual), optimal density
and gradation can be obtained at the corresponding point of
time and 1n the corresponding environment. However, as
described above, the density or gradation characteristic
changes with the progress of operating time or the ambient
environment. The composite density and gradation adjust-
ments (automatic) described below 1s processing for main-
taining the density or gradation characteristic once adjusted
in an optimal state all the time without troubling a normal user
Or a Service person.

FIG. 11 1s a basic flow chart illustrating a processing
example of composite density and gradation adjustments (au-
tomatic).

Processing of ACT10 to ACT12 1s processing of determin-
ing the trigger for starting the substantial composite density
and gradation adjustments (automatic).

In principle, the composite density and gradation adjust-
ments (automatic) start automatically without depending on a
person’s hand. However, 1t 1s preferable that the composite
density and gradation adjustments (automatic) can also be
started by a manual start instruction of the normal user or the
service person. Therefore, in ACT10, 1it1s determined whether
or not there 1s a start instruction of the normal user or the
service person. I there 1s a manual start instruction, the pro-
cess proceeds to ACT13.

On the other hand, even if there 1s no manual start instruc-
tion, the ambient environment (for example, ambient tem-
perature or ambient humidity) when the composite density
and gradation adjustments (automatic or manual) were
executed last 1s compared with a current ambient environ-
ment and 1t 1s determined whether or not there 1s a change
exceeding a predetermined reference in ACT11. It 1t 1s deter-
mined that there 1s a change, the process proceeds to ACT13.

In addition, also when it 1s determined that there 1s no
change 1n ambient environment, 1t 1s determined whether or
not a predetermined operating time elapsed from a point of
time when the composite density and gradation adjustments
(automatic or manual) were executed last in ACT12. 1T the
predetermined operating time elapsed, the process proceeds
to ACT13.

ACT13 1s processing of executing a density adjustment. A
density test pattern 1s transferred onto the transter belt 30 and
process parameters of each color are adjusted such that the
density of each density test pattern detected by the density
sensor 35 becomes the reference density. Since the content of
specific processing 1s the same as the processing described 1n
FIG. 7, a detailed description thereof will be omatted.

In ACT14, the second gradation adjustment 1s executed
subsequently after the density adjustment 1s completed.

FI1G. 12 1s a detailed tlow chart illustrating a specific pro-
cessing example of the second gradation adjustment.

In ACT300, the process parameters are fixed to the values

decided in the last density adjustment (ACT13 of FIG. 11).

In ACT301, a table updated 1n the first gradation adjust-
ment or the last second gradation adjustment 1s set as the
gradation correction table.
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In ACT302, the same test pattern as the gradation test
pattern used in the first gradation adjustment 1s read from the
storage unit of the gradation adjusting unit 51.

In ACT303, the read gradation test pattern 1s transierred
onto the transfer belt 30 using the gradation correction table
set In ACT301. The transfer method at this time 1s the same as
that was used 1n the first gradation adjustment, that 1s, the
gradation test pattern 1s transierred onto the transier belt 30
using the second special transier method.

In ACT304, the density sensor 35 detects the density for
every gradation of the gradation test pattern on the transfer

belt 30.

In ACT305, 1t 1s determined whether or not the detected
density for every gradation 1s within a predetermined range of
the ‘reference gradation density’ acquired and stored in the
first gradation adjustment.

If the detected density 1s within the predetermined range, the
processing ends.

In ACT306, if the detected density 1s outside the predeter-
mined range, the gradation correction table 1s changed and
updated such that the detected density for every gradation
falls within the ‘reference gradation density’ acquired and
stored 1n the first gradation adjustment.

FIG. 13 15 a view 1illustrating the concept of update of the
gradation correction table 1n the second gradation adjust-
ment. For example, a difference between the density detected
in ACT304 and the ‘reference gradation density’ 1s calculated,
and a gradation correction table 1s updated on the basis of the
difference for every set gradation value. By using the updated
gradation correction table, 1t becomes possible to maintain
the gradation characteristic, which deviates due to the ambi-
ent environment or the temporal change, 1n the predetermined
range of the ‘reference gradation density’.

As described above, according to the image forming appa-
ratus 1 and the image forming method according to the
present embodiment, adjustments to the desired density and
the desired gradation can be performed simultaneously and
accurately without giving an operation burden to a user even
when the density or gradation characteristic changes with the
aging or the ambient environment.

The 1nvention 1s not limited to the embodiment described
above but may be embodied 1n practice by modifying con-
stituent components without departing from the scope and
spirit of the mvention. In addition, various kinds of embodi-
ments of the invention may be realized by proper combination
of the plurality of constituent components disclosed in the
embodiment described above. For example, some constituent
components may be eliminated from all components shown
in the above embodiment. In addition, a constituent compo-
nent 1n another embodiment may also be appropriately com-

bined.

What 1s claimed 1s:
1. An 1image forming apparatus that forms a color image by
overlapping a plurality of colors, comprising:

a scanner configured to read a document and generates
image data;

an 1mage processing unit configured to correct gradation of
the image data using gradation correction data and gen-
crate a gradation image of the image data with gradation
after correction;

a plurality of photoconductors corresponding to the plural-
ity of colors;

a plurality of charging units configured to electrically
charge the plurality of photoconductors with a predeter-
mined charged potential;
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a plurality of exposure units configured to expose the plu-
rality of photoconductors with a predetermined expo-
sure amount;

a plurality of development units configured to develop the
plurality of photoconductors with a predetermined
development potential;

a developer included 1n each of the plurality of the devel-
opment units;

a transier body onto which 1images corresponding respec-
tively to the plurality of colors formed on the plurality of
photoconductors are transierred;

a plurality of transfer units configured to transfer the
images corresponding respectively to the plurality of
colors from the plurality of photoconductors onto the
transier body;

a sensor configured to detect a density of an 1image formed
on the transfer body;

a density adjusting unit configured to form a predetermined
density test pattern on the transier body and adjust pro-
cess parameters mncluding more than or equal to two
among the charged potential, the exposure amount, the
development potential, and a toner concentration of the
developer such that a density of the density test pattern
on the transier body detected by the sensor falls within a
predetermined range of a reference density; and

a gradation adjusting unit configured to form a gradation
test pattern having a plurality of gradation levels on the
transier body and update the gradation correction data
such that a density for every gradation of the gradation
test pattern on the transier body detected by the sensor
falls within a predetermined range of a reference grada-
tion density acquired and stored beforehand,

wherein the gradation adjusting unit updates the gradation
correction data subsequently after the density adjusting
unmt adjusts the density of the density test pattern.

2. The apparatus according to claim 1,

wherein the reference gradation density 1s reference data
acquired and stored in adjustment using the scanner, and

in the adjustment using the scanner, the gradation test
pattern 1s printed on paper, the gradation test pattern
printed on the paper 1s read by the scanner and the
density of the gradation test pattern 1s detected by the
scanner, the gradation correction data in the adjustment
using the scanner 1s generated such that the density for
every gradation 1n the gradation test pattern detected by
the scanner falls within a predetermined range of a stan-
dard gradation density, gradation of image data of the
gradation test pattern read by the scanner 1s corrected by
using the gradation correction data generated in the
adjustment using the scanner, the gradation test pattern
subjected to gradation correction 1s formed on the trans-
ter body, the density of the gradation test pattern formed
on the transier body 1s detected and acquired by the
sensor, and the acquired density of the gradation test
pattern 1s set as the reference gradation density and the
reference gradation density 1s stored together with the
corresponding gradation correction data.

3. The apparatus according to claim 2,

wherein the adjustment using the scanner 1s an adjustment
performed by an operator’s instruction after the density
adjusting unit adjusts the density of the test pattern.

4. The apparatus according to claim 1,

wherein the density adjustment performed by the density
adjusting unit and the update of the gradation correction
data performed by the gradation adjusting unit are per-
formed automatically and periodically on the basis of an
operating time.
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5. The apparatus according to claim 1,

wherein the density adjustment performed by the density
adjusting unit and the update of the gradation correction
data performed by the gradation adjusting unit are auto-
matically performed 1f a difference in at least one of
temperature and humidity between a present time and a
time when the last density adjustment 1s performed and
the gradation correction data 1s updated exceeds a pre-
determined range.

6. The apparatus according to claim 1,

wherein the transfer body 1s a transfer belt that sequentially
transfers an 1mage from an upstream side toward a
downstream side, the image being formed on each of the
photoconductors corresponding to the respective colors,

the density adjusting unit controls the charging units, the
exposure units, the development units, the transier units,
and the toner concentration such that the density test
pattern corresponding to each of the colors 1s transferred
onto the transier belt without overlapping each other,
and

in this control, the density adjusting unit applies a prede-
termined transfer potential to each of the transfer units
such that the density test patterns are simultaneously
transierred from each of the photoconductors onto the
transier belt and controls each of the transter units such
that the transier potential of each transter unit becomes
a neutral potential before the density test pattern trans-
ferred at the upstream side of the transiter belt reaches a
transier position of the adjacent transfer unit at the
downstream side.

7. The apparatus according to claim 1,

wherein the transfer body 1s a transfer belt that sequentially
transiers an i1mage from an upstream side toward a
downstream side, the image being formed on each of the
photoconductors corresponding to the respective colors,

the gradation adjusting unit controls the charging units, the
exposure units, the development units, the transier units
and the toner concentration such that the gradation test
pattern corresponding to each of the colors 1s transferred

onto the transier belt without overlapping each other,
and

in this control, the gradation adjusting unit applies a pre-
determined transier potential to each of the transter units
such that the gradation test patterns are simultaneously
transierred from each of the photoconductors onto the
transfer belt and controls each of the transfer units such
that the predetermined transier potential 1s applied until
the density test pattern transferred at the most upstream
side of the transter belt passes through a transter position
of the transfer unit at the most downstream side.

8. The apparatus according to claim 1,

wherein the density adjusting unit repeatedly executes a
procedure of adjusting the process parameters until the
density of the density test pattern detected by the sensor
falls within the predetermined range of the reference
density, and

the gradation adjusting unit does not update the gradation
correction data while the density adjusting unit 1s repeat-
edly executing the density adjustment.

9. The apparatus according to claim 1,

wherein the gradation adjusting unit updates the gradation
correction data once in a state where the adjusted pro-
cess parameters are {ixed after the density adjusting unit
adjusts the density of the density test pattern, and does
not update the updated gradation correction data until
the process parameters are adjusted next.
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10. The apparatus according to claim 1,

wherein the plurality of colors are yellow (Y), magenta
(M), cyan (C), and black (K).

11. An 1mage forming method of forming a color image by

overlapping a plurality of colors, comprising:

reading a document to generate image data by a scanner;

correcting gradation of the image data using gradation
correction data and generating a gradation image of the
image data with gradation after correction;

clectrically charging a plurality of photoconductors corre-
sponding to the plurality of colors with a predetermined
charged potential;

exposing the plurality of photoconductors with a predeter-
mined exposure amount;

developing the plurality of photoconductors with a prede-
termined development potential and a predetermined
toner concentration in a developer;

transferring, onto a transfer body, images corresponding to
cach of the plurality of colors formed on the plurality of
photoconductors;

detecting a density of an 1image formed on the transier body
using a sensor;

adjusting density of a density test pattern by forming a
predetermined density test pattern on the transier body
and adjusting process parameters including more than or
equal to two among the charged potential, the exposure
amount, the development potential, and the toner con-
centration such that the density of the density test pattern
on the transter body detected by the sensor falls within a
predetermined range of a reference density; and

after adjusting the density of the density test pattern, form-
ing a gradation test pattern having a plurality of grada-
tion levels on the transfer body and updating the grada-
tion correction data such that a density for every
gradation of the gradation test pattern on the transfer
body detected by the sensor falls within a predetermined
range of a reference gradation density acquired and
stored beforehand.

12. The method according to claim 11,

wherein the reference gradation density 1s reference data
acquired and stored 1n adjustment using the scanner, and

in the adjustment using the scanner, the gradation test
pattern 1s printed on paper, the gradation test pattern
printed on the paper 1s read by the scanner and the
density of the gradation test pattern 1s detected by the
scanner, the gradation correction data 1n the adjustment
using the scanner 1s generated such that the density for
every gradation 1n the gradation test pattern detected by
the scanner falls within a predetermined range of a stan-
dard gradation density, the gradation of image data of the
gradation test pattern read by the scanner 1s corrected by
using the gradation correction data generated in the
adjustment using the scanner, the gradation test pattern
subjected to gradation correction 1s formed on the trans-
fer body, the density of the gradation test pattern formed
on the transfer body 1s detected and acquired by the
sensor, and the acquired density of the gradation test
pattern 1s set as the reference gradation density and the
reference gradation density 1s stored together with the
corresponding gradation correction data.

13. The method according to claim 12,

wherein the adjustment using the scanner 1s an adjustment
performed by an operator’s 1nstruction after the adjust-
ment of the density of the test pattern.
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14. The method according to claim 11,

wherein the density adjustment and the update of the gra-
dation correction data are performed automatically and
periodically on the basis of an operating time.

15. The method according to claim 11,

wherein the density adjustment and the update of the gra-
dation correction data are automatically performed if a
difference 1n at least one of temperature and humidity
between a present time and a time when the last density
adjustment 1s performed and the gradation correction
data 1s updated exceeds a predetermined range.

16. The method according to claim 11,

wherein the transier body 1s a transter belt that sequentially
transfers an 1mage from an upstream side toward a
downstream side, the image being formed on each of the
photoconductors corresponding to the respective colors,

in the density adjustment, the density test pattern corre-
sponding to each of the colors 1s transierred onto the
transier belt without overlapping each other, and

in the transier control, a predetermined transier potential 1s
applied such that the density test patterns are simulta-
neously transferred from each of the photoconductors
onto the transfer belt, and a control 1s made such that
cach of the transier potential becomes a neutral potential
betore the density test pattern transferred at the upstream
side of the transfer belt reaches an adjacent transier
position at the downstream side.

17. The method according to claim 11,

wherein the transier body 1s a transter belt that sequentially
transiers an i1mage from an upstream side toward a
downstream side, the image being formed on each of the
photoconductors corresponding to the respective colors,

in the gradation adjustment, the gradation test pattern cor-
responding to each of the colors 1s transierred onto the
transier belt without overlapping each other, and

in the transier control, a predetermined transier potential 1s
applied such that the gradation test patterns are simulta-
neously transferred from each of the photoconductors
onto the transter belt, and a control 1s made such that the
predetermined transter potential 1s applied until the den-
sity test pattern transferred at the most upstream side of
the transfer belt passes through a transter position at the
most downstream side.

18. The method according to claim 11,

wherein 1n the density adjustment, a procedure of adjusting
the process parameters are repeatedly executed until the
density of the density test pattern detected by the sensor
falls within the predetermined range of the reference
density, and

in the gradation adjustment, the gradation correction data s
not updated while the density adjustment 1s being
repeatedly executed.

19. The method according to claim 11,

wherein 1n the gradation adjustment, the gradation correc-
tion data 1s updated once 1n a state where the adjusted
process parameters are fixed after the density of the
density test pattern 1s adjusted, and the updated grada-
tion correction data 1s not updated until the process
parameters are adjusted next.

20. The method according to claim 11,

wherein the plurality of colors are yellow (Y), magenta

(M), cyan (C), and black (K).



	Front Page
	Drawings
	Specification
	Claims

